Key Summary Points {#FPar1}
==================

**What is already known about this subject?**Anti-vascular endothelial growth factor agents such as intravitreally administered aflibercept and ranibizumab (RBZ) have been shown to be efficacious in the treatment of neovascular age-related macular degeneration (nAMD) in the clinical trial setting, but results may not always be replicated in the real-world setting.Cost-effectiveness of intravitreally administered aflibercept and RBZ has largely been based on randomized clinical trials (RCTs), and to date, the real-world cost-effectiveness of these two treatments has not been analyzed.**What was learned from the study?**This study incorporated a systematic literature review, a meta-analysis, and a multivariable meta-regression to assess real-world effectiveness and overall treatment burden with intravitreally administered aflibercept and RBZ.The analysis identified differences in the overall treatment approach and how ophthalmologists use intravitreally administered aflibercept and RBZ in clinical practice. These differences ultimately influence the mean real-world effectiveness of the two agents.Patients with nAMD who were treated intravitreally with aflibercept experienced higher mean visual gains than those treated with RBZ, and the number of injections required to achieve clinically meaningful improvements in vision was lower with intravitreally administered aflibercept than with RBZ.From the perspective of the French healthcare system, intravitreally administered aflibercept was a cost-effective treatment option for nAMD despite a higher cost per individual injection.

Introduction {#Sec1}
============

Exudative or neovascular age-related macular degeneration (nAMD) is the most severe form of AMD and the most common cause of vision loss in the elderly population in the developed world \[[@CR1]\]. Treatment of nAMD has changed dramatically with the advent of anti-vascular endothelial growth factors (VEGF) agents. Since the approval of ranibizumab (RBZ) and intravitreally administered aflibercept for treatment of nAMD in Europe in 2007 \[[@CR2]\] and 2012 \[[@CR3]\], respectively, anti-VEGF agents have become the standard of care. The pivotal randomized clinical trials (RCTs) ANCHOR and MARINA demonstrated the benefits of RBZ 0.5 mg intravitreal injection every 4 weeks in patients with nAMD \[[@CR4], [@CR5]\]. Subsequently, the VIEW studies demonstrated that intravitreally administered aflibercept 2 mg every 8 weeks (after three initial monthly injections) was noninferior to RBZ 0.5 mg every 4 weeks in all clinical endpoints at 1 year with lower injection frequency \[[@CR6], [@CR7]\]. The anti-VEGF clinical research programs were robust and proved the efficacy of these agents, but results achieved under strict protocols in RCTs may not always be replicated in routine clinical practice. Early real-world studies such as AURA found that RBZ-treated patients received fewer injections than those in RCTs, and patients did not report sustained visual acuity (VA) improvement \[[@CR8]\]. AURA also showed that several factors, including age, baseline VA score, number of injections, and regular monitoring, may be predictive of treatment outcomes and may explain the differences between real-world outcomes and RCTs \[[@CR9]\]. Since these studies were undertaken, clinical practice has evolved; recent meta-analyses of RBZ real-world studies \[[@CR10], [@CR11]\] showed that VA outcomes at 12 months in RBZ-treated patients were improved compared with those in AURA. Despite these improvements, treatment outcomes varied between studies, and the mean VA gain was lower in observational studies than in RCTs. These improvements were not maintained long term, particularly with treatment regimens that had low injection frequency \[[@CR10]\]. A pro re nata (PRN) treatment strategy was widely adopted for RBZ-treated patients, leading to high variability in the number and frequency of injections.

Because of its later approval, there are fewer observational studies evaluating intravitreally administered aflibercept in patients with nAMD; however, these studies indicate that the implementation of a proactive treatment regimen with intravitreally administered aflibercept and an injection frequency consistent with the approved label are associated with RCT-like outcomes in clinical practice \[[@CR12]--[@CR16]\]. In a recent meta-analysis of studies on intravitreally administered aflibercept, researchers included subgroup analyses describing outcomes in RCTs and observational studies \[[@CR17]\]. The mean VA gain at 12 months in the observational studies was lower but comparable to the gain observed in RCTs. The analysis also suggested that VA improvements were slightly higher with regular dosing (\> 7 injections/year) than with irregular dosing.

The cost-effectiveness of intravitreally administered aflibercept and RBZ to treat patients with nAMD in the European setting was established primarily on the basis of data from RCTs \[[@CR18]--[@CR22]\]. Both intravitreally administered aflibercept and RBZ have been shown to be cost-effective treatment options in different settings, but no analysis of the real-world cost-effectiveness of these two treatments has been undertaken. As the published evidence shows, there are differences between the efficacy observed in RCTs compared with observational studies, so it is important to assess if these differences impact current cost-effectiveness assumptions.

We assessed the effectiveness of intravitreally administered aflibercept and RBZ in treatment-naive patients with nAMD and determined the cost-effectiveness of intravitreally administered aflibercept versus RBZ in a real-world setting.

Methods {#Sec2}
=======

A multistage approach, including a systematic literature review (SLR), a meta-analysis, and a meta-regression, was used to determine the effectiveness and treatment burden associated with the use of intravitreally administered aflibercept and RBZ in treatment-naive patients with nAMD in a real-world setting. To assess the real-world cost-effectiveness, a Markov decision model was developed and populated with the pooled estimates for treatment effectiveness and treatment burden derived from the meta-analysis. The model was adapted to reflect the perspective of the French healthcare system.

Systematic Literature Review {#Sec3}
----------------------------

An SLR targeting prospective observational studies including treatment-naive patients with nAMD receiving intravitreally administered aflibercept or RBZ that reported data for 1 year of follow-up was conducted. The SLR included a Medline database search via ProQuest and a search of congress proceedings for the Association for Research in Vision and Ophthalmology (2014--2017), American Academy of Ophthalmology (2014--2016), European Society of Retina Specialists (2014--2017), World Ophthalmology Congress (2014, 2016, 2018) and Asia--Pacific Academy of Ophthalmology (2014--2017) for the years indicated. The SLR included studies published through July 24, 2017. Further details are included in Appendix 1 in the supplementary material.

Previous meta-analyses of anti-VEGF agents have included both prospective and retrospective studies to derive pooled estimates for VA change. Inclusion of mixed design studies can increase the bias of the analysis by increasing imprecision, incomplete follow-up, and recall bias normally associated with retrospective studies. To overcome this limitation and reduce the associated bias, this meta-analysis focused on prospective observational studies or data collected prospectively. To reduce publication bias and uncertainty associated with small sample studies, publications reporting data from studies that enrolled fewer than 40 patients were also excluded.

All search hits were imported into Excel, and data from eligible abstracts and full-text studies were extracted and selected on the basis of relevant populations, interventions, comparators, outcomes, and study design \[[@CR23]\]. The data extraction template was built using the Meta-Analyses and Systematic Reviews of Observational Studies guidelines \[[@CR24]\], and the reporting of the SLR followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines \[[@CR23]\]. Screening of title, abstract, and full text was performed by one reviewer using PRISMA guidelines \[[@CR23]\]. Inclusion and exclusion criteria are summarized in Appendix 1 in the supplementary material.

Meta-Analysis {#Sec4}
-------------

A meta-analysis of the data identified from the SLR was undertaken. Inclusion criteria for the meta-analysis were studies of treatment-naive patients with nAMD who received intravitreal treatment with aflibercept or RBZ, reported 52-week effectiveness outcomes, and included at least 40 patients per study. The primary objective of the meta-analysis was to derive a pooled estimate for the variables of patient characteristics (age and baseline VA), treatment burden (defined as mean number of injections and injection/monitoring visits from baseline to week 52), and effectiveness (defined as VA change from baseline to week 52 in Early Treatment Diabetic Retinopathy Study (ETDRS) letters). These variables were identified as key parameters in a previous meta-analysis of real-world outcomes with anti-VEGF therapy \[[@CR10]\]. When studies did not report the standard deviation (SD) necessary for the meta-analysis, these values were imputed via the Multivariate Imputation by Chained Equations (MICE) algorithm \[[@CR25]\]. When necessary, variables of interest were converted: number of eyes to number of patients, subgroup mean and SD to aggregate mean and SD, logMAR and decimal to ETDRS letters, SD~logMAR~ to SD~letters~, *P* value to SD \[via *T* value and standard error (SE)\], confidence interval (CI) to SD \[via standard error (SE)\], and SE to SD. Fixed-effects and random-effects models were used to produce estimates for all dependent variables. Heterogeneity was assessed using the *I*^2^ statistic \[[@CR26]\], and model selection was based on the Bayesian information criterion (BIC). Meta-analyses were performed using the Metafor R package \[[@CR27]\] and the MICE algorithm in R \[[@CR25]\] (for multiple imputations). Outcomes are reported as means (95% CI).

Multivariable Meta-Regression {#Sec5}
-----------------------------

A multivariable meta-regression analysis was undertaken to correct for differences in patients' baseline characteristics. Exploratory covariates included in the meta-regression were age at baseline, baseline VA, number of injections, and treatment (intravitreally administered aflibercept or RBZ). The outcome variable assessed was mean VA change (ETDRS letters) at 52 weeks. In the meta-regression, VA change was modelled using the following equation:$$\documentclass[12pt]{minimal}
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A model without the interaction between the number of injections and treatment was considered, but the BIC preferred the model with the interaction term.

Cost-Effectiveness Model {#Sec6}
------------------------

### Model Structure and Perspective {#Sec7}

A Markov state transition model was developed to assess the cost-effectiveness of intravitreally administered aflibercept. The Markov model was structured so health states were distributed on the basis of patients' vision using average VA score (ETDRS letters) at a series of inflection points, including baseline, 12 weeks (treatment efficacy), 1 year (post-treatment efficacy), and 15 years (long-term decline). Because overall vision and relationship with quality of life are functions of vision in both eyes, model health states were defined by patients' best-corrected VA score of both eyes. At any point in the model, patients are distributed into one of eight mutually exclusive, exhaustive VA health states, defined by ETDRS letters (graphical representation of the model is available in Appendix 2 in the supplementary material). The distribution of patients across each VA health state was estimated using the mean and SD of VA at each point in time and assuming a scaled beta distribution (bound at 0 and 100, as per the ETDRS letter scale). The model allows for selecting various time horizons from 10 years to lifetime, thus providing an adequate time frame to capture all relevant treatment costs and effects \[measured as quality-adjusted life years (QALYs)\] associated with the interventions. To ensure that the analysis provided a complete overview, various time horizons were considered. The analysis considers recommendations from the French National Healthcare System, Haute Autoritié de Santé (HAS), and includes both direct and indirect costs \[[@CR28]\]. Costs and outcomes were discounted at a 4% annual rate per HAS guidelines.

### Compliance with Ethics Guidelines {#Sec8}

This study is based on previously conducted studies and does not involve any new studies of human participants or animal subjects performed by any of the authors. This study did not require ethical approval as it did not involve human participants or animal subjects.

Model Inputs {#Sec9}
------------

Treatment effectiveness inputs used in the model were derived primarily from the meta-analysis and meta-regression, except for effectiveness at week 12, because the meta-analysis did not provide a pooled estimate for this time point. To overcome this limitation, the data were derived from two real-world studies of intravitreally administered aflibercept (RAINBOW \[[@CR12]\]) and RBZ (ORACLE \[[@CR29]\]). The impact of this assumption was tested in a sensitivity analysis. Long-term decline was based on assessment of VA decline in an elderly UK population, which estimated a decline of 0.96 ETDRS letters per year \[[@CR30]\]. The model considered the incidence of adverse events in the VIEW trials \[[@CR6]\], given that evidence suggests that real-world incidence is in line with trial data. The duration of treatment was assumed to be 5 years, as in previous analyses. Because the meta-analysis did not provide resource use beyond 52 weeks, injection frequency data for this model were derived from two French studies, Duval et al. \[[@CR31]\] for intravitreally administered aflibercept (assumed constant use for years 2--5) and Boulanger-Scemama et al. \[[@CR32]\] for RBZ.

Base-case utilities were derived from published literature. Czoski-Murray used contact lenses to simulate the effects of visual impairment caused by nAMD and estimated a linear relationship between best-seeing eye VA (logMAR) and time trade-off (TTO) utility \[[@CR33]\]. This was used to estimate utility values for model VA health states using the following equation:$$\documentclass[12pt]{minimal}
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Estimates of costs were derived from published sources and grouped into six categories: (1) treatment; (2) administration of treatment; (3) monitoring and follow-up; (4) treating adverse events; (5) health transport; and (6) blindness costs. Cost analysis details are shown in Appendix 2 in the supplementary material.

Results {#Sec10}
=======

Systematic Literature Review {#Sec11}
----------------------------

The results of the SLR search are shown in Fig. [1](#Fig1){ref-type="fig"}. Seventy-two studies (56 full-text publications and 16 conference abstracts) met the inclusion and exclusion criteria. Of the studies identified, some reported subgroup data that were considered as separate observations for the meta-analysis. After assessment, it was determined that the 72 publications provided data for 108 observations.Fig. 1PRISMA flow diagram of studies identified in systematic literature review and observations included in meta-analysis from the initial 108 observations in the 72 studies identified. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Meta-Analysis {#Sec12}
-------------

The 72 publications identified in the SLR were additionally screened to assess if the publication reported data on the minimum set of variables necessary to conduct the meta-analysis. The publications (observations) had to describe studies conducted in treatment-naive populations, report data on injection frequency and treatment outcomes (VA change from baseline) at week 52, include at least 40 patients and, in the case of abstracts, be published after 2014. Additionally, publications were screened to identify and remove duplicates. If two or more publications reported data from the same source/population, only one publication was selected and included in the meta-analysis. Publications reporting data on more variables or in larger populations were preferred (Fig. [1](#Fig1){ref-type="fig"}). After review, 24 observations from 23 studies were selected for inclusion in the meta-analysis (7 observations for intravitreally administered aflibercept \[[@CR12]--[@CR16], [@CR34], [@CR35]\] and 17 for RBZ \[[@CR34], [@CR36]--[@CR51]\]) (Appendix 1 in the supplementary material). One study contributed more than one observation because it reported several subgroups, including both intravitreally administered aflibercept and RBZ \[[@CR34]\].

The analyses showed strong between-study heterogeneity (quantified by *I*^2^), so the random-effects model was preferred over the fixed-effects model. Patients treated intravitreally with aflibercept had a mean age of 79.52 years and a mean baseline VA of 55.80 ETDRS letters. At week 52, patients received on average 7.10 injections and reported 8.65 visits (overall treatment burden including injection and/or monitoring). The mean VA gain at 52 weeks versus baseline was 5.30 ETDRS letters (Table [1](#Tab1){ref-type="table"}; Fig. [2](#Fig2){ref-type="fig"}a) with low between-study heterogeneity. Compared with patients treated intravitreally with aflibercept, RBZ-treated patients were younger (77.28 years) and had a lower mean baseline VA (52.81 ETDRS letters). At week 52, RBZ-treated patients received on average 5.88 injections and reported 10.10 visits (injection and/or monitoring). The mean VA gain at 52 weeks versus baseline was 4.24 ETDRS letters (Table [1](#Tab1){ref-type="table"}; Fig. [2](#Fig2){ref-type="fig"}b).Table 1Meta-analysis for intravitreally administered aflibercept and RBZ in treatment-naive patients with nAMDVariableAfliberceptRanibizumabFixed-effects modelRandom-effects model*I*^2^*N*Fixed-effects modelRandom-effects model*I*^2^*N*Age, mean (years)79.54 (79.25--79.83)79.52 (78.38--80.65)90.94578.23 (77.87--78.60)77.28 (75.84--78.72)96.5115Baseline BCVA, mean (ETDRS letters)55.01 (54.53--55.50)55.80 (54.28--57.23)88.34754.55 (53.99--55.10)52.81 (49.93--55.70)98.2917Number of injections at week 52, mean6.97 (6.84--7.09)7.10 (6.40--7.80)98.9575.44 (5.08--5.79)5.88 (5.15--6.61)99.5417Number of injections/monitoring visits at week 52, mean8.11 (7.99--8.22)8.65 (7.71--9.58)98.1249.29 (9.19--9.40)10.10 (8.30--11.89)99.624Change in BCVA from baseline to week 52, mean (ETDRS letters)5.30 (4.80--5.80)5.30 (4.80--5.80)0.0073.81 (3.25--4.37)4.24 (3.18--5.30)84.8717Data are presented as estimates (95% confidence intervals). *I*^2^ is degree of heterogeneity and *N* is number of observations for outcome variable*BCVA* best-corrected visual acuity, *ETDRS* Early Treatment Diabetic Retinopathy Study, *nAMD* neovascular age-related macular degeneration, *RBZ* ranibizumabFig. 2Forest plots of change in visual acuity (ETDRS letters) at 52 weeks for intravitreally administered **a** aflibercept and **b** RBZ. *CI* confidence interval, *ETDRS* Early Treatment Diabetic Retinopathy Study, *RBZ* ranibizumab, *VA* visual acuity

Multivariable Meta-Regression {#Sec13}
-----------------------------

Eighteen observations were included in the meta-regression (5 for intravitreally administered aflibercept \[[@CR12]--[@CR15], [@CR52]\] and 13 for RBZ \[[@CR36]--[@CR41], [@CR43]--[@CR48], [@CR51]\]; Appendix 1 in the supplementary material). In the multivariable meta-regression, higher age and higher baseline VA were associated with lower VA improvements, while intravitreally administered aflibercept was associated with higher VA gains compared with RBZ (Appendix 1, Table G in the supplementary material). Injection frequency showed positive association with VA change, while the interaction term between the number of injections and aflibercept was negative. These findings suggest that the VA gains become larger with a greater number of injections for both RBZ and intravitreally administered aflibercept. This is consistent with findings from a previous meta-analysis of anti-VEGF agents in which poorer outcomes with RBZ were associated with lower injection frequency in clinical practice compared with RCTs \[[@CR10]\]. With low numbers of injections, intravitreally administered aflibercept is associated with larger gains than RBZ, but this advantage diminishes with higher numbers of injections because the marginal gains with an additional injection are greater for RBZ. The above findings are subject to sampling errors; the coefficients of age, baseline VA, intravitreally administered aflibercept, and the interaction term were statistically insignificant. The multivariable meta-regression included only studies that reported SDs. Sensitivity analyses including studies with imputed SDs showed comparable results.

To determine the effectiveness of treatment (intravitreally administered aflibercept/RBZ) on VA gains, while considering the difference in the number of injections in the real world, it was assumed that patients treated intravitreally with aflibercept and RBZ had similar baseline characteristics. Baseline values were defined on the basis of pooled data from the RBZ group (mean age 77.28 years; mean baseline VA 52.81 ETDRS letters). After correcting for age and baseline VA, the mean VA gain for patients treated intravitreally with aflibercept was 6.57 ETDRS letters, with patients receiving 7.10 intravitreal injections in the first 52 weeks. The mean VA gain for RBZ-treated patients was 4.42 ETDRS, with patients receiving 5.88 injections in the first 52 weeks.

Using the meta-regression results, it was possible to calculate the impact of injection frequency and treatment (intravitreally administered aflibercept/RBZ) on VA gain and determine the resources needed to achieve clinically meaningful outcomes. Our analysis showed that patients treated intravitreally with aflibercept can achieve a clinically meaningful improvement in VA of 5 ETDRS letters (1 line of vision) with 5--6 injections, whereas RBZ-treated patients would require 6--7 injections to surpass the 5-letter gain versus baseline.

Cost-Effectiveness {#Sec14}
------------------

The base case assumed a patient population (mean age, 77.28 years; baseline VA, 52.81 ETDRS letters) receiving active treatment for 5 years and assessed cost-effectiveness for a 15-year time horizon. Intravitreal treatment with aflibercept was associated with an incremental gain in effectiveness compared with RBZ (4.918 versus 4.880 QALYs, respectively), although at a higher overall treatment cost (€18,187 versus €17,168, respectively). The incremental cost-effectiveness ratio (ICER) of intravitreally administered aflibercept versus RBZ was €27,087 per QALY (Table [2](#Tab2){ref-type="table"}). For a 10-year time horizon, the estimated mean incremental QALYs for intravitreally administered aflibercept versus RBZ was + 0.036, and the mean incremental cost was + €1022, resulting in an ICER of €28,185 per QALY. Assuming a lifetime horizon, the mean incremental QALYs for intravitreally administered aflibercept versus RBZ was + 0.037 with a mean incremental cost of + €1023, resulting in an ICER of €28,185 per QALY.Table 2Cost-effectiveness of intravitreally administered aflibercept and RBZ in treatment-naive patients with nAMDAfliberceptRanibizumabIncrementalBase case (15-year timeline) Overall costs€18,187€17,168+ €1019  Drug acquisition€11,774€10,113+ €1661  Administration€3434€3175+ €259  Monitoring and follow-up€915€1702− €787  Cost of treating AE€65€1+ €64  Cost of blindness€1998€2176− €178 Total QALYs4.9184.880+ 0.038  QALY gain associated with VA4.9264.881+ 0.045  AE-disutility0.0070.000− 0.007 Months spent with blindness9.210.1− 0.9ICER€27,087/QALY*AE* adverse event, *ICER* incremental cost-effectiveness ratio, *nAMD* neovascular age-related macular degeneration, *QALY* quality-adjusted life year, *RBZ* ranibizumab, *VA* visual acuity

Cost-Effectiveness Sensitivity Analysis {#Sec15}
---------------------------------------

To assess the impact of the assumptions made for effectiveness of intravitreally administered aflibercept and RBZ at week 12, a sensitivity analysis was completed assuming similar effectiveness for both agents. In this scenario, the ICER was similar (€29,687/QALY to €29,694/QALY). The probabilistic sensitivity analysis estimated that the mean incremental cost was + €690 and the mean incremental QALYs was + 0.044, with a mean ICER of €15,620 per QALY (Appendix 2 in the supplementary material). A cost-effectiveness acceptability curve indicated that for a threshold of €30,000 per QALY, there was a 70% probability of intravitreally administered aflibercept being cost-effective versus RBZ (Appendix 2 in the supplementary material).

Discussion {#Sec16}
==========

This analysis provides a comprehensive assessment of both the effectiveness and cost-effectiveness of intravitreally administered aflibercept and RBZ in treatment-naive patients with nAMD in a real-world setting.

In our analysis, patients treated intravitreally with aflibercept reported a mean baseline age of 79.52 years and VA of 55.80 ETDRS letters and achieved a mean VA gain of 5.30 ETDRS letters at 52 weeks; these patients received on average 7.10 injections and reported 8.65 visits (injection and/or monitoring). Conversely, RBZ-treated patients had a lower mean baseline age of 77.28 years and VA score of 52.81 ETDRS letters and achieved a mean gain of 4.24 ETDRS letters with 5.88 injections and 10.10 visits (injection and/or monitoring) at 52 weeks. After correcting for differences in age and baseline VA to those of the RBZ population, while upholding the current clinical practice, the mean gain in VA at week 52 was 6.57 ETDRS letters for patients treated intravitreally with aflibercept and 4.42 ETDRS letters for RBZ-treated patients. With current clinical practice, patients treated intravitreally with aflibercept experience a mean gain from baseline of more than 1 line of vision (5 ETDRS letters), and the mean number of injections and visits is consistent with the European prescribing information for nAMD (i.e., three initial doses every 4 weeks followed by dosing every 8 weeks over the first 52 weeks). Pooled estimates indicate that real-world outcomes with intravitreally administered aflibercept are consistent across studies and populations. The analysis found that RBZ-treated patients achieved a mean VA gain of 4.42 ETDRS letters with 5.88 injections and 10.10 visits (injection and/or monitoring). The mean injection frequency observed in clinical practice varied significantly among the RBZ studies analyzed, with many of the publications reporting a lower number of injections than the pivotal RCTs. PRN dosing is still used in the real-world setting, which may lead to fewer injections than are needed, potentially resulting in suboptimal outcomes. The findings of our RBZ analysis align with the findings from Kim et al. \[[@CR10]\] who concluded that the mean overall gain in RBZ-treated patients was 5 ETDRS letters. The mean gain in VA observed in clinical practice is lower than the mean gain reported in the pivotal trials. Kim et al. \[[@CR10]\] include subanalysis of the RBZ real-world studies assessing separately the outcomes registered with PRN regimens and treat and extend (T&E) regimens. Patients treated following a T&E regimen received more injections than patients treated following a PRN regimen and reported better outcomes at week 52. The T&E regimens with RBZ were associated with better outcomes and a reduction in the overall treatment burden for the patient. These findings suggest that the poorer outcomes achieved in a real-world setting could be linked to lower injection frequency (the pooled analysis indicated that the mean number of injections was significantly below that reported in the pivotal trials).

The efficacy and safety of intravitreally administered aflibercept and RBZ are well established and both drugs proved to be efficacious and safe when used according to the label recommendations \[[@CR2], [@CR3]\]. Our analysis, like that of Kim et al. \[[@CR10]\], describes a scenario were RBZ PRN regimens are still frequently used to manage patients and are associated with poorer outcomes. Two of the studies included in this analysis, Finger et al. \[[@CR43]\] and Wickremasinghe et al. \[[@CR51]\], generate data describing the benefits of using the RBZ T&E in patients with nAMD. The positive impact on patient outcomes and treatment burden associated with T&E should be considered.

In our analysis we explored the relationship between injection number and VA changes, and our findings reinforced the assumption that an injection frequency similar to that reported in RCTs can contribute to the achievement of RCT-like VA improvements for patients with nAMD; these findings are valid for patients treated intravitreally with aflibercept and RBZ. Our analysis also suggests that patients treated intravitreally with aflibercept can achieve a clinically meaningful improvement in VA \[i.e., gain of 5 ETDRS letters (1 line of vision)\] with 5--6 injections. However, to achieve a similar outcome, RBZ-treated patients would require 6--7 injections. In our analysis we corrected for treatment effect modifiers such as age and baseline characteristics, but further research is needed to determine unequivocally the relationship between injection frequency and outcomes.

Overall, our findings suggest that, with the current clinical practice, treatment-naive patients with nAMD treated intravitreally with aflibercept achieve higher mean gains in VA than those treated with RBZ. The analysis shows that the treatment approach with intravitreally administered aflibercept is consistent with the European label recommendations \[[@CR3]\], suggesting that a proactive regimen with an injection frequency in line with the label contributed to delivering positive outcomes that are of the same magnitude as those achieved in RCTs \[[@CR6], [@CR7]\]. Conversely, the treatment approach with RBZ still includes a large number of patients treated following a PRN approach, receiving a low number of injections but requiring high treatment burden (over 10 visits in 52 weeks). Mean gain in VA observed with RBZ in clinical practice was lower than the mean gains reported in the RCTs and not comparable in magnitude.

The SLR identified studies published between 2009 and 2018. Because the two drugs were introduced in clinical practice at different time points (RBZ was introduced in 2007 and intravitreally administered aflibercept in 2012) the publications describing the use and outcomes with intravitreally administered aflibercept are more recent while the publications describing the use and outcomes with RBZ range from 2009 to 2017. The authors compiled the VA gains reported by the individual RBZ studies to identify if there were significant differences/imbalances in the mean VA gain and in the clinical practice in RBZ studies completed both before and after 2015. The analysis of the individual data shows that the earlier studies (prior to 2015) report some of the highest and more consistent gains in visual acuity among the RBZ studies (Rothenbuehler et al. \[[@CR36]\], Gillies et al. \[[@CR41]\], Finger et al. \[[@CR43]\], Gungel et al. \[[@CR44]\], Inoue et al. \[[@CR45]\]). (See Appendix 1D in the supplementary material.) The mean gain in VA estimated in this analysis is supported by the results from other RBZ real-world meta-analyses (Kim et al. \[[@CR10]\], Guo et al. \[[@CR11]\]) that estimated mean gains in VA at week 52 ranging between + 4.85 to + 5.00 letters. These estimates are in line with our findings (mean gain of + 4.48 letters).

Pivotal studies such as the VIEW trials were useful to establish the cost-effectiveness of intravitreally administered aflibercept and RBZ under RCT-like conditions, demonstrating that the same results can be achieved with lower resource use. This analysis provides new data and an insight into the real-world cost-effectiveness of these anti-VEGF agents. In current practice, intravitreally administered aflibercept is associated with higher mean gains in VA and lower treatment burden (overall injections and monitoring visits), which translate into a positive ICER despite higher acquisition costs. The scenarios tested here (different time horizons) and the sensitivity analyses (12-week effectiveness and probabilistic sensitivity analysis) confirm the robustness of the findings that, for a threshold of €30,000 per QALY and the French healthcare system, intravitreally administered aflibercept is a cost-effective treatment option for patients with nAMD. In a real-world setting, the cost-effectiveness analysis followed a similar approach to a previous published analysis in a US setting \[[@CR53]\], showing that intravitreally administered aflibercept was cost-effective compared with RBZ, with better outcomes (i.e., higher gain in QALYs) despite slightly higher overall costs.

Limitations {#Sec17}
-----------

Several potential limitations and strengths of the analyses should be considered. Our objective was to provide an overview of how the two drugs are used in clinical practice and how the clinical practice (e.g., treatment approach) relates to real-world effectiveness and ultimately to cost-effectiveness. The analysis provides an overview that is comprehensive and representative of the combined treatment approaches used in clinical practice to manage patients with nAMD. There is value in taking this comprehensive approach but there are also limitations. One important limitation being that it does not assess the impact of implementing specific treatment approaches (i.e., PRN and T&E). A key aspect to consider in future research is to assess the effectiveness and cost-effectiveness of aflibercept and RBZ when administered intravitreally following a T&E regimen. When correcting for treatment effect modifiers, the analysis included age and baseline visual acuity, but it did not correct for other known effect modifiers such as baseline choroidal neovascularization (CNV) lesion type and size. It was not possible to assess the impact of CNV because of insufficient data or low power.

The meta-analysis and multivariable meta-regression included estimates that were based on a limited number of observations. Although the studies included are representative of clinical practice and the patient population, including additional data points and more observations will improve the validity of the results and the extrapolation of conclusions. Uncertainty was also associated with the pooled estimates because of the missing SDs (i.e., large variability in imputed SDs leading to larger CIs of pooled outcomes). Furthermore, the meta-analysis and meta-regression relied on published articles and abstracts, which are not free from sample selection bias (e.g., reporting bias). In addition, the meta-analysis was based on aggregate (mean) data and not patient-level data, so it may be prone to ecological bias (i.e., the associations found between the variables of interest and outcomes at study level may not be the same at patient level). The multivariable meta-regression is potentially not free from confounding bias; because of the limited number of observations and limited availability of covariates, it was not possible to control for all potential covariates. Despite these limitations, there are several strengths to consider. Study selection in the SLR was based on strict criteria, resulting in a small number of observations; but it provided high-quality data, and the methodology followed recent recommendations, including undertaking an SLR and using multiple imputations and meta-regression. The use of multiple imputations ensured that the confidence error correctly reflected the uncertainties from the imputations. The meta-regression was useful to quantify the between-study heterogeneity explained by the explanatory variable.

Conclusions {#Sec18}
===========

The analysis identified clear differences in the overall treatment approach and how ophthalmologists use intravitreally administered aflibercept and RBZ in clinical practice. Ultimately, these differences influence the mean real-world effectiveness of the two drugs. Intravitreal treatment with aflibercept (injection frequency and patients follow-up) was consistent and in line with the European label recommendations. Patients treated intravitreally with aflibercept in clinical practice reported a mean gain in VA of similar magnitude to the mean gains in VA reported in the pivotal RCT. Conversely, treatment with RBZ varied significantly across the different studies. On average, RBZ-treated patients reported a low injection frequency and a frequent follow-up, driven in part by the high number of patients treated with PRN regimens. RBZ-treated patients reported gains in VA versus baseline; however, the magnitude of the gain in VA was not comparable to the VA gains reported in the RBZ pivotal RCT. Intravitreal treatment with aflibercept was associated with better mean VA outcomes and an incremental gain in QALYs compared with RBZ and can be considered cost-effective for the treatment of nAMD in patients in France despite a higher price for each individual intravitreal injection of aflibercept compared with RBZ.
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